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  Introduction  
       Body composition is what a body composed of. In respect 
  to the history of this field, "The first approaches to the study 
  of body composition were made by workers in Germany in the nine-
  teenth century. The study of whole body composition with growth 
  began at this time in so far as the cross  relationships between 
  anatomy and chemistry began to take root."1)By measuring 
  skinfold thickness, ratio of fat in a body is clarified and it 
  becomes clear that the person is either obese or muscular. In 
  regard to evaluating whether stoutness comes from fat or muscle,
  Hirata et  a1.2)3) evaluated physique and physical fitness of human 
  beings by correlative probable pseudo-ellipses. He said that a 
  person could not be physically fit regardless of the fact that he
  is stout or muscular. But in regard to body composition if 
  measurement is not accurate, it should be improved. If points 
  on a body are measured by some persons with the object of esti-
  mating  skinflod thicknesses and the values are different signifi-
  cantly, the method of measurement should be improved.  If the 
  experienced person is able to measure a point significantly more 
  accurately than an inexperienced person in terms of skinfold 
  thicknesses, only the former should measure it. If the accurate 
  values of skinfold thickness measurements are acquired when marking 
 on the skin, this method measurement should be done. If the 
 accurate value of body composition is not acquired by means of 
 skinfold thickness measurement, another method excluding skinfold 
 thickness should be devised to evaluate whether stoutness comes 
  from either fat or muscle.
—  50 —
     Burkinshaw et  al.4) and  Vlolmersley et  al.5) reported  on error 
in skinfold thicknesses measurement. Both of them measured 
biceps skinfold, triceps skinfold, subscapula skinfold, and  supra-
iliac skinfold.
     The purpose of this study is to clarify the differences of 
measurements between experienced persons and inexperienced persons 
and between marked sites and unmarked sites in terms of skinfold 
 thicknesses, and the differences of measurement values  between skin-
fold thicknesses and hydrostatic weighings. 
Hypothesis  
(1) A skilled observer should measure skinfold thickness. 
(2) Points to be measured should be marked if more detailed values 
are necessary. 
(3) Hydrostatic weighing measurement is more accurate to estimate a 
body composition than skinfold thickness measurement. 
Design (Methods and Procedures)  
     (Experiment 1) Nine subjects (6 men and 3 women) were used to 
measure skinfold thicknesses and one(man) of them was used to acquire 
the differences  of measurement values among an experienced  person(A) , 
a slightly experienced person(B), and an inexperienced person(C) . 
(A) had two years experience in the technique.  (B) had three weeks 
experience in the technique. (C) was one of the subjects that had 
no experience. These three persons measured a subject five times 
each at about same time, in the following order: cheek, chin , arm ( 
triceps), chest, back (under the scapula), side , iliac, abdomen, knee,
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and calf. Four male subjects whom (B) measured were used to test 
the difference of the  LBVIs (lean body weight) between a formula(a) 
and a formula(b) as shown in the following: 
     Formula(a):  LBW,lbs. = 22.62 0.793 x  Weight(pound) - 0.801 
                          x abdominal skinfold(inch) 
     Formula(b): LBW,lbs. = 98.42  + 1.082 x  Weight(pound)  - 4.15 
                          x abdominal girth(inch) 
     (Experiment 2) A week later, two (a man and a woman) of them 
were used to acquire the differences of measurement values between 
an experienced person(B) and two inexperienced persons(C,D) and 
between marked sites and unmarked sites. (B) was trained to 
measure skinfold thicknesses for a week before this  measurement. 
 (D) was one of the subjects that had no experience in the tech-
nique. At first (B) and (C) measured a subject five times each 
at about the same time in the following order: cheek, chin, arm( 
triceps), chest, back (under the scapula), side, iliac, abdomen, 
knee, and calf. Then in the same way, both of them measured the 
same subject who was marked with a cross in the ten measurement 
points. (B) and  (D) measured another subject in the same way as 
 (B) and  (C). 
     (Experiment 3)  Five subjects (3 men and 2 women) were used to 
measure hydrostatic weighings, and  (B)'s findings with four of these 
subjects' skinfold thickness measurements and hydrostatic weighings 
were used to test the differences of values of fat,  .')fat, and lean 
body weight between them both.
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     (Experiment 4) One 
differences of values of 
same experience as (B).
(male) of 5 
measurements
subjects was used to test the 
in (B) and a person  with the
     The dates when the 4 experiments were done was are as follows: 
Experiment 1 and experiment 3 were done on September  24, 1975. 
Experiment 2 was done on October 2, 1975. Experiment 4 was com-
pleted on September 29, 1975. All experiments were conducted in 
the Human Performance Laboratory at California State University, 
Northridge. The Lange Skinfold Caliper manifactured by Cambridge 
Scientific  Industiies, Inc. was used to measure skinfold thickness.
Data (Interpretation)
Table
The results of 
 2.
experiment i are demonstrated in Table 1 and
Table 
 Mean
1 
and Standard Deviation, in mm and  Kg, of Skinfold Thicknesses
(A)
1 SD x
 CEO
!(C)I SD7  I SD
Cheek 7.8 0.678 8.9  0.860  ! 5.7  1 0.510
Chin 2.9 0.374 3.0  !  0.000 2.8 0.400
Arm 4.5 0.316  4.1 0.490  1 3.2 0.245
Chest  5.8  0.927  3.4 0.374 1  3A' 0.245
 Back 8.9 0.374 7.9 0.200  1 8.5  0.44?
Side 4.1  1 0.374 4.1 0.200 1 4.0  0.000
Iliac 8.2 0.812 5.2 0.245  1_7.6 0.860
Abd. 6.1 0.200  6.4 0.374 i 4.6  0.583
 Knee 4.8 0.510  3.8 0.245  4.1  i  0.200
Calf 3.2  0.245 3.3  i  0.245
2.7 0.510
Total Skinfold 56.30  i 2.222 50.08  1  _1.107  146.64 2.804
Fat  6.869 0.718  5.054  !  0.476 3.501 1.121
FFM  50.831 0.711 52.534 0.363  54.12?  i 1.224
%Fat 11.904 1.244  8.759  0.680  i 6.068 1.942
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Table 2 
Mean Differences among Three Observers (Experienced, Slightly 
Experienced, and Inexperienced Observers) in Measurement of 
Skinfold Thickness
(A) - (B) (B) (C) (A) (C)
Cheek 2.268 6.531  *  * 11.230
Chin 0.535  1.000 0.535
Arm  -1.633  3.082 * 13.000  *  *
Chest  -4.669  *  *  -3.175 *  5.168  *  *
Back  -6.329  *  *  -2.449 *  1.370
Side  0.000 1.000  2.85?
Iliac  -6.711 **  -5.150  *  * 2.055
Abd.  -1.734 5.21? * * 4.054  **
Knee -2.976 * -6.522  *  * 3.500 **
Calf 0.676 2.449 * 2.994 *
Total  Skinfold  0.347  2.120  9.183 **
Fat -3.659  *4 2.124 8.981 **
FFM 5.305 -2.061 -7.719
%Fat -2.077 2.097  8.978
                         * Significant difference (  P<:0 .05 
 ** Significant difference  (  P<:0.01 
Table 3 
Mean, Standard Deviation, in  lb, and Mean Difference of  LBW 
between Abdominal Skinfold Thickness and Abdominal Girth
)
Abdominal Skinfold i Abdominal Girth
 7 SD i  7 SD MD
 LBW  151.131  18.577 1 140.185  15.663 0.312
                           * Significant difference  (  P.<0.05 ) 
According to Table  1, the standard deviations of (A) who was the 
most skilled in skinfold thickness measurement were not fewest. 
Although (B) was not as skilled as (A), the standard deviations of 
(B) were the least. According to Table 2, significant differ-
ences appeared at a minimum 4 points and at a  maximum of 8 points 
with 10 points of possible. Skinfold thicknesses of the chest and
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Table  4(a) 
Mean and Standard Deviation, 
Measured by Experienced and 
and  Marked  Sites
in mm, of Skinfold Thicknesses 
Inexperienced Observers at Unmarked
E
 Unmarke
I SD
 d Sites
 3r  PSD  -r
Marke
SD
d Sites
 1r SD
Cheek 10.1 0.583 8.2 0.678 7.7 0.250 8.1 0.583
Chin 6.0  0.850 5.6 0.583  5.5 0.707 5.8 0.510
12.0  2.490 10.1  1.114 9.8 0.748 12.2 1.122 Are
Chest  7.1  0.970 8.0  0.949 5.9 0.583  6.?  0.510
Back 13.9 0.324 15.7  0.400 12.5 2.168 15.6 0.490
Side 9.6 0.938 10.1  0.490 10.3  1.030 9.1  1.114
Iliac  13.8  1.07? 13.7 1.720 14.6 0.663 14.4 1.594
Abd. 2.0 0.548 11.2 0.927 6.9 0.374 7.0 0.548
Knee  11^3  2.177 9.8 1.379  1 8.5 0.548 8.5 0.775
 Cal  f 9.0 1.225 9.1  1.158  j 9.9 0.583 7.3 0.927
Total Skinfold  99.8  5.537 101.6 2.871  191.6 3.652  94.7  2.786
Fat 14.115 0.714  14.351 0.379  113.062 0.505  13.478 0.367
FFM 45.385  0.714 45.149 0.358 46.438 0.505 46.022  0.36?
%Fat  23.686  1.188 24.083 0.600 21.954 0.849 22.632 0.618
Table  4(b) 
Mean and Standard Deviation, 
Measured by Experienced and 
and Marked Sites
in  mm, of Skinfold Thicknesses 
Inexperienced Observers at  Unmarked
Unmarked
(B) 1 
SD I SD
 Sites Marked Sites
3C D 1 SD13r (D)(B)  (D)1 SD
Cheek 12.4 0.768 12.8  0.510 11.7  10.510 11.7 0.872
Chin 10.7 1.980 9.8 1.568  9.4 0.811 10.1  1.228
Arm 15.4 0.374 15.7  11.166 13.0 0.949 12.9 0.860
Chest 5.8 0.510 8.4  10.735  3 6.6 0.374 7.9 0.663
Back 11.7  0.245 13.0  10.707 11.5  0.361 12.1  0.800
Side 8.5  0.707 8.8  10.927 8.1  10.200 8.3 0.250
Iliac 11.9 0.967 12.7 0.872 11.1  10.374 11.0 0.632
Abd. 12.5 0.548 14.2 0.510 12.1  10.970 12.8  0.510
Knee 17.3 1.600 16.1 1.715  i 17.4  10.970 15.4  1.463
Calf 10.2 0.775 12.0 2.302  I 9.6  1.068 10.8 1.327
Total Skinfold 116.4 3.597 125.5 2.387  110.5 3.564 113.0 4.722
 14.41Q  0.348  15.2771 0.221  1  13.8200.362 14.069 0.472,Fat
FFM  36.496  0.348  35.623 0.568  37.0800.359 36.831  0.473 
0.927 %Fat  28.304 0.681  30.013 0.435  27.15  0.710  27.64J,
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the knee were different significantly among the three observers. 
According to Table 3,  LBWs acquired by abdominal skinfold and 
abdominal girth were not different significantly. According 
to Table  4(a) and Table  4(b), standard deviations of both marked 
sites were fewer. Although the standard deviations of (B), 
who was skilled, were fewer than  C), in Table 1, (C)'s were 
fewer than (B)'s in Table  4(b). Although standard deviations 
of (B) were fewer than (D)'s at marked sites, (D)'s were fewer 
than (B)'s at unmarked sites in Table  4(b). Standard  devi-- 
ations of (B) and (C) in Table  4(a), and (B) in Table  4(b) were 
fewer at unmarked and marked sites. According to Table 5(a) 
and Table 5(b), points which showed significant differences were 
at the same ten points in unmarked and marked sites in Table 5(a). 
 Table 5(a) 
 Mean Differences of Skinfold Thicknesses Measured by 
      Experienced and Inexperienced Observers at Unmarked and 
     Marked Sites
 Unmarked
(B)
Sites
 (C)
 Marked
(B))
Sites
(C)
Cheek 3.558  *4 0.998
Chin
 
1  0.798 -0.688
Arm 1.317  -5.  11?
Chest -1.087 -0.891
Back  1-4.812  -2.941 *
Side -0.973 1.987
Iliac 1 0.081 0.357
Abd. 1-7.924  *  * -0.218
Knee 1 1.678  0.000
 Calf 1  -0.196 4.869 **
Total  skinfold -1.285 6.452  *  *
 Vat  -2.612  -1.726
 FYM  1.283 1.809
 %Fat  1-1.268 1.721
 **
 Significant 
 Significant
difference (  PC0.05 ) 
difference (  P<  0.01 )
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Table  5(b) 
Mean Differences 
Experienced and 
Marked Sites
of  Skinfold 
 Inexperienced
Thicknesses 
 Observers
 Measured by 
at  Unmarked
Unmarked Sites Marked Sites
(B) (D) (B) (D)
Cheek -0.657 0.000
 Chin  0.680 -1.161
Arm  -0.427 0.196
Chest  -5.108 **  -2.743 *
Pack  -3.834  *  * -1.217
Side  -0.481 —1.587
Iliac  -1.300  0.342
AM. -3.668  *  *  -1.359
Knee 1.036  2.169
Calf -1.390 -1.987
Total Skinfold 3.383  *  *  -1.322
Fat -3.658  *  * -1.277
FFM 2.375 1.311
 %Fat  -3.403  ** 1.302
                         4* 
Table 6(a) 
Mean Differences of 
Unmarked and  Marked 
Observers
Significant 
 Significant
 Skinfold 
Sites by
 defference 
 difference C
and
 PC 0.05 
 P40.01
Thickness  Measurement between 
Experienced and Inexperienced
(B)  (C)
Cheek 5.357 ** 0.272
Chin 1.381 -0.589
Arm 2.366 * -1.928
Chest 3.000 *  3.835  **
Back  1.023 0.342
 side -0.758 2.109
Iliac -1.724 -0.484
 Abd. 0.289  10.345 **
 Knee 2.157 1.564
Calf -1.108 2.449 *
Total Skinfold 6.452  ** 3.710 **
Fat 6.665  ** 3.451 **
FFM  **  -1.082
 %Fat 6.956  ** 3.488 **
f*
 Significant 
 Significant
difference 
difference
( 
(
 P[0.05 
 P[0.01
) 
)
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Table 6(b) 
Mean  Differences of 
Unmarked and Marked 
Observers
 Skinfold 
Sites by
Thickness Measurement between 
 Experienced and Inexperienced
(B) (D)
Cheek  0.871 2.157
Chin 1.095 -0.470
 LM_
Chest
4.145 ** 4.880  *  *
-2.168 1.362
 Back 0.741 1.859
 Side 1.090 1.285
Iliac 1.728  2.429
Abd. 0.645 3.867
 *  *
 Knee  -0.121 0.506
Calf 0.831 0.856
Total Skinfold 3.041 * 3.494
 *  *
 Fat 1.980 5.054
*
FFM -1.987  -2.918
 %Fat 1.983 5.043 * *
Table 7 
Mean and 
Skinfold
 *  *
Standard 
 Thickness
Significant 
 Significant
Deviation in 
 Measurement
difference ( 
difference  (
Hydrostatic
 PC0.05 ) 
 PC0.01 )
 Weighings
H
I SD
S
Y I SD
Fat  9.709 3.080  10.451  3.436
 %Fat 17.836  6.143 19.126  6.523
LBW  45.491 5.558  44.749  5.654
Table  8 
Mean Differences between 
Thickness Measurement
Hydrostatic
Fat -3.884  *  *
 %Fa  t  -2.443
 LBW  3.805 *
 Weighings
Significant 
Significant
and
and
 8kinfold
difference 
(  P[0.05 
difference 
(  P[0.01
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Table 9 
Mean, Standard Deviation, in  Kg, Mean Difference between Two 
Observers with Equal Experience
x SD
CS)  3.500  0.134
 (T)  3.350  0.15?
(T)  (s) 3.59? **
:ii  I  .2•.)7u  ** Significant difference 
 (  PC0.001 ) 
However, there were fewer points in marked sites. According  to 
Table 6(a) and Table 6(b), all total skinfolds between unmarked 
and marked sites were different significantly. According to 
Table 7, all standard deviations acquired by hydrostatic weighing 
measurements were fewer. According to Table  8, fat and  LBW 
were different significantly between hydrostatic weighings and 
skinfold thickness measurements. According to Table 9, 
results of measurements between two observers who were equally 
were different significantly in hydrostatic weighings.
Summary 
     Concerning the  hypothesis-1 which states a skilled observer 
should measure skinfold thickness,  Womersley et al. showed,  "The 
results have shown that significant differences were obtained by 
different observers and by different  calipers. In our studies, 
variations in skinfold thickness due to different observers, ex-
perienced and inexperienced, using the 3 different calipers, were 
not likely to influence critically the results  obtained.H6) 
According to my study the hypothesis 1 cannot be supported because
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experienced observers were not more accurate than inexperienced 
observers according to Table 1, Table 2, Table  4(a), Table 4(b), 
Table 5(a), and Table 5(b). Hypothesis 2 says that 
points which are measured should be marked if more detailed values 
are desired. Burkinshaw et al. showed, "That even when the 
sites of measurement are not marked on the skin, the systematic 
differences between observers will not introduce serious errors 
into the values of quantities derived from the skinfold thicknesses. 
When the sites of measurement are marked, it should be possible 
for observers of various degrees of skill to obtain consistent 
readings."?) Hypothesis 2 can be supported because disper-
sions of values measured at marked sites were fewer than those at 
unmarked sites and total  skinfold thicknesses between marked and 
unmarked sites were different significantly according to Table  4 
(a), Table  4(b), Table 5(a), Table 5(b), Table 6(a) and Table 6(b). 
Hypothesis 3 states that hydrostatic weighing measurement is more 
accurate in estimating a body composition than skinfold thickness 
measurement. This hypothesis can be supported because  dis-
perSions of values measured in hydrostatic weighings were  fewer. 
Fat and LBW data acquired from skinfold thickness measurement 
were different significantly from hydrostatic weighing according to 
Table and Table 8  . Abdominal skinfold or abdominal girth 
can be used measure  LBW because the difference between them was 
not significant according to Table 9. 
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